Abstract Twenty eight inter simple sequence repeat (ISSR) markers were used to determine the genotypic identification and phylogenetic relationship within 48 varieties of Indica rice including four aromatic rice grown in eastern part of India. Out of 44 upland and low land varieties, 39 varieties released by the Orissa University of Agriculture and Technology, Orissa and five released by the other National Institutes of India. A total of 28 ISSR primers were screened representing di-and tri-nucleotide repeats, out of which 12 ISSR markers were selected for varietal analysis as diagnostic markers. The number of bands per locus ranged from 4 to 8, with an average of 6. The results revealed that all the primers showed distinct polymorphism among the varieties indicating the robust nature of ISSR markers. Most of the primers showed highest polymorphic information content and resolving power. The cluster analysis indicates that all the rice genotypes are grouped into two classes in which aromatic rice varieties clustered separately from upland and lowland varieties. Principal component analysis showed the distinct differences among themselves. Based on this study, the larger range of similarity values using ISSR markers provides greater confidence for the assessment of genetic relationships among the varieties. The information obtained from the DNA profile helps to identify the variety diagnostic markers in 48 rice genotypes. This outcome of the investigation can be used in background selections during backcross breeding programs.
Introduction
Rice, Oryza sativa (2n = 24) belonging to the family Poaceae and subfamily Oryzoidea is the staple food for onethird of the world's population and occupies almost onefifth of the total land area covered under cereals. It is grown under diverse conditions and over wide geographical range. Most of the world's rice is cultivated and consumed in Asia, which constitutes more than half of the global population. Approximately 11 % of the world's arable land is planted annually to rice, and it ranks next to wheat. The world's rice production has doubled during last 25 years, largely due to the use of improved technology such as high yielding varieties and better crop management practices [1] . Further scope of crop improvement depends on the availability, genetic diversity and variability and use of new biotechnological tools. There exists a rich diversity in rice. Except for a few earlier studies on classification of germplasm using isozymes, there have been a few studies to assess the diversity of Indian rice varieties including landraces, at the molecular level. Presently some of the varieties have gone threatened. Hence, their conservation and characterization is of utmost important. Some of the traditional varieties are not sufficiently represented to study the genetic diversity. A number of molecular markers have been used for diversity study in rice [2] [3] [4] . Inter simple sequence repeat (ISSR) is a microsatellite-based multi locus marker technique, which is simple and useful for estimating genetic diversity in several crop plants. The technique has the advantages of random amplified polymorphic DNA (RAPD) and in addition shows higher level of polymorphism, reproducibility and cost-effectiveness per polymorphism. ISSR-PCR has been used in genetic diversity studies in several crop plants. In rice, ISSR-PCR has been used for the analysis of micro satellite motif frequency and fingerprinting of varieties, determining phylogenetic relationships among Oryza species [5] [6] [7] [8] [9] . The usefulness of multi locus ISSR-PCR markers in determining diversity within improved varieties, landraces of rice of Orissa has not been previously investigated. The objectives of this study are: (i) to assess the extent of genetic diversity in Indian landraces of rice as compared to improved cultivars and other accessions using ISSR primers; (ii) to compare the level of polymorphism revealed by each primer, and between landraces and varieties, (iii) to develop a rational basis for the choice of informative primers using polymorphic information content, resolving power and mean genetic similarity and (iv) to identify the variety diagnostic ISSR markers for rice improvement program.
Material and Methods

Plant Materials
Forty four elite upland and lowland rice genotypes and 4 aromatic genotypes ('Basumati', 'Kalajeera', 'Pumpudibasa', 'Neelabati') were collected from the germplasm centre maintained by the Department of Plant Breeding and Genetics, Orissa University of Agriculture and Technology, Bhubaneswar for ISSR analysis. The morphological and agronomic characteristics have also been indicated in Table 1 . The seeds were sown in the earthen pots and kept in the green house for germination. Leaf samples were collected and subsequently stored at -20°C until processed.
DNA Extraction and PCR reaction DNA was extracted as described by Doyle and Doyle [10] with minor modifications. The reaction mixture composition and conditions were empirically determined. This exercise involved optimization of primer concentration and annealing temperature for each primer. Out of 28 oligonucleotide primers (Bangalore Genei, India) screened, 12 were selected for further analysis based on clarity, scorability, and reproducibility of banding patterns (Table 2) . Amplification reactions contained 25 ng template DNA, 200 lM each dNTPs, 2 mM MgCl 2 , 10 pmol primer, 1 X Taq polymerase buffer and 1 unit of Taq DNA polymerase (Bangalore Genei, India) in a reaction volume of 25 ll. The amplification was performed in programmable gradient Thermal Cycler (BIORAD, USA) with following programme: a pre-denaturation at 94°C for 3 min followed by 44 cycles of denaturation at 94°C for 1 min, annealing at gradient temperature for 1 min and extension at 72°C for 2 min. The final extension was made for 7 min at 72°C. Amplified products were under electrophoresis in a 1.5 % w/v agarose-19 Tris-borate-EDTA gel at 100 volt. Sizes of the identified bands were determined by comparison with molecular weight-marker low-range DNA ruler (Bangalore Genei, India). Amplicons were scored as discrete variables, using 1 to indicate presence and 0 for absence of band. A binary matrix was obtained by visual scoring of the bands. Amplifications were repeated twice for each primer and only consistent bands were considered for further analyses. Efficiency of discrimination was assessed in terms of the number of polymorphic markers generated and the ability to generate unique band. Pairwise-similarity matrices based on ISSR data were determined using Jaccard's similarity coefficient [11] . Principal component analysis (PCA) was made by using the binary data of the profile through NTYSIS program.
Results and Discussion
The present investigation reveals that the 48 varieties of rice belonged to two groups. First group having high yielding varieties developed by different Institutes and IR-64 (IR 5657-33-2-1/IR2061-465-1-5-5), an Indica rice variety with distinct desirable agronomic traits. It was included as a check or reference variety. Second group having aromatic rice varieties. In this group, Basmati was included which belongs to an aromatic long grain type of rice (O. sativa) cultivated in different parts of India and Pakistan [12] . Vaughan et al. [13] reported that there are 21 valid species of genus Oryza. Out of them O. sativa (Asian cultivar) and O. glaberrima (African cultivar) are the only cultivated species derived from their perennial wild progenitors O. rufipogon and O. longistaminata respectively. Further, the Asian cultivar has undergone differentiation into three distinct eco-geographical subspecies viz. indica, japonica (temperate japonica) and javanica (tropical japonica). The diversification of O. sativa is not confined with these three sub-species but is differentiated into many more varietal groups largely through human selection under different agroclimatic conditions, cultural practices and quality preferences [14] . Glaszmann [15] reported that the Asian cultivar was differentiated into six varietal groups i.e. Indica, Aus, Ashina, Rayada, Aromatic and Japonica on the basis of isozyme analysis. Basumati rice is a distinct group, well separated from indica and japonica varieties on the basis of morpho-physiological traits as reported earlier [16] . The assessment of genetic diversity and variety diagnostic molecular markers are an essential component in germplasm characterization and conservation. Out of 28 ISSR markers screened, 12 markers were selected to characterize and assess the genetic variability among 48 rice genotypes including four aromatic rice genotypes belonging to indica types because of distinct amplification and highly reproducible bands. The selected ISSR primers yielded 71 bands with an average of 5.92 bands per primer of sizes ranging from 250 bp to 2,000 bp ( Fig. 1 ; Table 2 ). No unique band was observed, but there were 12 low frequency bands. All other bands (59) were high frequency bands. The ISSR primer (UBC-825) produced the maximum eight bands followed by UBC-872 with seven bands. The lowest number of bands was observed in UBC-864 with four bands. The maximum resolving power (11.417) was observed in primer UBC 825 and the maximum PIC value was obtained by using the ISSR primer (UBC-872). ISSR markers are frequently used for varietal diagnostic purposes in many crop species [17, 18] . The ISSR amplification pattern was used to assess genetic variation among the genotypes by cluster analysis and to detect the varietal diagnostic markers. A dendrogram was plotted using the similarity coefficient derived from ISSR profile data as presented in Fig. 2 . The dendrogram was divided into two clusters at 40 % similarity coefficient. The maximum number of genotypes (47) were represented in Cluster I whereas, one genotype 'CR 1017', a high yielding variety developed from Central Rice Research Institute formed the cluster II, which was an outgroup from the rest of the clusters. Cluster I was again divided into two sub-clusters IA and IB. In sub-cluster IA, there are two rice genotypes whereas 45 genotypes were included in Cluster IB. In sub-cluster IA, these two varieties, ''Badami'' and ''Samant'', with similar pedigree relationship have been grouped together. Both the varieties have medium bold grain with multiple resistance. The subcluster IB is further divided into two minor sub-clusters i.e. BI and BII. The minor sub-cluster BI having four varieties of aromatic rice making one group with 60 % similarity coefficient. These four varieties (''Basumati'', ''Pumpudibasa'', ''Neelabati'' and ''Kalajerra'') represent aromatic indica rice. The variety ''Basumati'' and ''Pumpudibasa'' show 80 % similarity among each other. Both the varieties have 75 % similarity with ''Neelabati'' and 68 % with ''Kalajeera''. They have been developed through natural selection. For these reasons they have been grouped together and placed separately from the other high yielding improved varieties. Further, minor sub-cluster BII is further divided into two sub minor clusters i.e. BIII and BIV. The cluster BIII has 20 varieties and cluster BIV has 21 varieties. In cluster BIII, the variety ''Uphar'' and ''Mandakini'' make two individual groups with yield potential 45 q/ ha and resistance to blast disease and sheath blight. were placed together in this sub-cluster. All these cultivars have the common parent ''Pankaj'' and they are the long duration varieties suitable for low land ecosystem. The variety ''Jajati'' (Rajeswari/T141) and ''Urbashi'' (Rajeshwari/Jajati) have been grouped together and have originated from the same parent ''Rajeshwari''. All these varieties are suitable for cultivation in the eastern part of India. The patterns of diversity revealed by the ISSR primers showed similar correlations between similarity matrices. Most of the ISSR primers especially members of the 5 0 -anchored dinucleotides could be freely interchanged with no loss in the power to distinguish varietal diversity. These results suggest that the use of different ISSR primers would be able to assess the genetic diversity of rice as reported previously [6, 19] . (Fig. 3) . The variety ''Badami'' and ''Samant'' are making one out group having the medium bold grain quality with multiple resistant to disease. The differences in ISSR profiles were perhaps due to their adaptability and other significant agronomic characteristics like yield potential, panicle type, seed morphology, photosynthesis efficiency and grain characteristics. The present study showed higher percentage of polymorphism as compared to other molecular markers as reported earlier [20, 21] . The genetic diversity in traditional lowland rice grown in north-east regions using both RAPD and ISSR markers has been reported by Bhuyan et al. [7] . Further, Youssef et al. [9] used both RAPD and ISSR markers to identify the new promising drought tolerant lines of rice. These traits with molecular differences suggest that these rice varieties belong to Indica rice with introgressions from wild rice land races.
In conclusion, ISSR has generated high number of polymorphic markers which can be used in diagnostic fingerprinting studies of rice. Based on the average percentage polymorphism, PIC, Rp, diversity index and marker index, the efficiency of ISSR markers will be helpful for varietal diagnostics and for rice breeding program. In addition, this marker has an important role in securing plant variety rights as the need to protect proprietary germplasm which is likely to increase in the future. Table 1) Identification of Variety Diagnostic Molecular Marker 395
